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(54) Radio IC card 

(57) A first antenna coil (22) is formed on a surface 
of an IC chip (23). A second coil (31 ) and a third coil (32) 
are formed on a module board (30). The IC chip (23) is 



mounted on the module board (30) such that the first 
antenna coil (22) ol the IC chip (23) is opposed to the 
second antenna coil (21 ). 
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(0001 ] The present invention relates to an improvement oi a radio IC carG wneiem iC nMcpiamci ere** is-Dj* vc: 
in a plastic card-, etc . a method ol manufacturing the radio IC card, a data read/write appa-aius lor the i«citc :C cm 3 
5 a radio tag and a method ot manufacturing the radio tag. 

[0002] There are known non-contact type data earner modules such as a radio IC card and a radio tag The oata 
carrier module comprises an IC chip functioning as a semiconductor device and a wound antenna (hereinafter referred 
to as "antenna coil"). There are various types of data carrier modules having different structures. Depending on the 
type of the structure, the data carrier module may include a capacitor for synchronization or a capacitor for power supply. 
w [0003] The antenna coil functions both for data communication and for power supply from the outside. There are 
various types of antenna coils, for example, a winding coil, a coil formed on a board by means of etching, and a coil 
formed on a board by means of printed wiring. The number of turns of the antenna coil varies in accordance with the 
communication frequency, communication distance, etc. 

[0004] With recent development in the reduction in size, data carrier modules have widely been used and there is a 
is demand for techniques for mass-producing them at low cost. 

[0005] Under the circumstances, research and development has been made tor methods of mass-prooucmg data 

carrier modules by physically and electrically connecting IC chips and antenna coils. In such methods, tor example. 

semiconductor devices are directly mounted on boards by flip-chip bonding, or semiconductor devices are connected 

to module boards by wire bonding. 
20 [0006] FIG. 1 shows a perspective view of a conventional radio IC card, and FIG. 2 is a cross-sectional view ol the 

same. 

[0007] A rectangular-spiral coil pattern 2 is formed on a wiring board 1 An IC chip 3 used as a semiconductor device 
is mounted on the wiring board 1. An electrode 4 of the IC chip 3 is electrically connected to an electrode 5 on the 
wiring board 1 by means of a gold ball bump 6. 
25 [0008] A method of manufacturing the radio IC card will now be described. 

[0009] The IC chip 3 is first mounted on the wiring board 1 by means of bonding. 

[0010] Then a thermoplastic sheet 7 is provided on both sides of the wiring board 1 by thermal fusion. 
[0011] The sheet 7 is formed of, e.g. vinyl chloride or PET (polyethylene terephthalate). The entirety of the wiring 
board 1 is resin-molded by the thermal fusion of sheet 7. 
30 [0012] The thus formed radio IC card is, for example, about 0.2 to 0.7 mm thick. 

[0013] FIG. 3 is an electric circuit diagram of this radio IC card. The IC chip 3 is connected to the coil pattern 2. The 
IC chip 3 has functions of data control, data storage, etc. The IC chip 3 performs data transmission between itself and 
the outside and receives power through the coil pattern 2. 

[001 4] However, in the above method, when the IC chip 3 and coil pattern 2 are physically and electricafly connected, 
35 the IC chip 3 is mounted on the wiring board 1 . This method requires expensive equipment such as a flip-chip bonder 
or a wire-bonder. 

[0015] In the order of the manufacturing steps, the step of mounting the IC chip 3 must precede the others Thus 
there are many restrictions on the manufacturing steps, and the manufacturing steps are complicated 
[0016] In addition, in the case of the resin-molding, a process management, for example, for considering neat-re- 
40 sistance. is needed and the reliability lowers. 

[0017] FIG. 4 is a structure of another radio IC card. 

[0018] An IC chip 2 and a communication antenna 9 connected to the IC chip 2 are mounted on a card body 8. and 
a button cell 10 is built in. 

[0019] FIG. 5 is a structure of another radio IC card and FIG. 6 is a cross-sectional view of the IC card. 
45 [0020] An IC chip 2, a communication antenna 9 connected to the IC chip 2, and a power supply coil 1 0 are mounted 
on the card body 8. 

[0021] In order to ensure security and reliability, the radio IC card is formed in a shape which does not permit easy 
dissembling, for example, by mold-sealing or thermal-pressing. 

[0022] In the case of the radio IC card including the cell, however, the life of the radio IC card is limited by the life of 
50 the cell and this is very economically disadvantageous. 

[0023] There is also Known an electromagnetic-induction-type radio IC card to which power is supplied from a radio 
IC card reader in the form of electromagnetic waves. In the case of this IC card, the reader needs to constantly send 
signals. This is not preferable from the standpoint of energy saving. 

[0024] For example, in a gate entrance/exit system, incoming/outgoing persons with radio IC cards pass througn the 
55 gate The time of entrance/exit of persons is irregular. 

[0025] Consequently, the frequency of communication of data read from the radio IC card by the card r eaaet becomes 
irregular, and the time of wait until the beginning of data communication increases 

[0026] Even if the frequency ot data communication is irregular, the card reader .s requuec io constantly senc signals 
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^nd to always wait lor data horn tner^dio 1C card 
«*{0027] An object o! the present invention is to prov«de a radio IC card and a method ol manuiactunng the same 

wherein a semiconductor element is electrically connected to an antenna coil and the radio IC card can be obtameo 

at low cost without the need to use an expensive mounting apparatus. 
5 [0028] Another object ol the invention is to provide a radio IC card and a method ol manufacturing the same, as well 

as a data read/write apparatus, wherein energy saving can be achieved irrespective ol the lite ol a cell 

[0029] Still another object of the invention is to provide a radio tag and a method ol manufacturing the same, wherein 

a semiconductor element is electrically connected to an antenna coil and the radio tag can be obtained at low cost 

without the need to use an expensive mounting apparatus. 
io [0030] Still another object of the invention is to provide a radio tag and a method ol manuiactunng the same, wherein 

energy saving can be achieved irrespective ol the life of a cell. 

[0031] According to an aspect of the present invention, there is provided a radio IC card comprising a board having 
at least two rectangular-spiral antennas loomed thereon; and a semiconductor element having a rectangular-spiral 
antenna formed on a surface thereof, the semiconductor element being mounted on the board such that the antenna 
is on the semiconductor element is situated opposed to one of the at least two antennas on the board 

[0032] In this radio IC card, the antenna on the semiconductor element is formed by bonding a piece ol bono.ng wire 
among a plurality of electrode pads formed on the surface of the semiconductor element. 
[0033] The antenna on the semiconductor element is formed of a metallic film. 

[0034] A layer of the antenna formed of the metallic film and a layer of an insulating film are laminated on the surface 
20 of the semiconductor element. 

[0035] The antenna is provided on each of upper and lower surfaces of the semiconductor element. 

[0036] The semiconductor element is provided with a layer for formation of an electric element. 

[0037] One of the antennas formed on the board has substantially the same shape as the antenna formed on the 

semiconductor element, and the other of the antennas on the board is greater in size than the one ol the antennas on 
25 the board. 

[0038] One of the antennas on the board and the other of the antennas on the board are electrically connected. 
[0039] One of the antennas on the board and the antenna on the semiconductor device are electromagnel.cally 
connected. 

[0040] The antenna is formed over the semiconductor ejement, with an insulating film interposed 
30 [0041] The antenna is formed over the semiconductor element, with a magnetic film interposed 
[0042] An insulating film is formed on each of the antennas on the board. 

[0043] An insulating film, in which magnetic particles are dispersed, is formed on each of ihe aniennas or, the board 
[0044] The semiconductor element and the substrate are integrally sealed with resin. 

[0045] According to another aspect of the invention, there is provided a method ol manufacturing a radio IC card. 
35 the method comprising the steps of: forming a rectangular-spiral antenna on a surface of a semiconductor element, 
forming at least two rectangular-spiral antennas on a board; and disposing the antenna formed on the semiconductor 
element such that the antenna formed on the semiconductor element is opposed to one of the antennas formed on 

[^^^n this method, the antenna on the surface of the semiconductor element is formed by a thin-film patterning 
40 process 

[0047] The antenna on the surface of the semiconductor element is formed by a printing process. 

[0048] The antenna on the surface of the semiconductor element is formed such that a plurality of electrode pads 

are provided on the surface of the semiconductor element and the electrode pads are connected by means of wire 

bonding. 

45 [0049] The at least two antennas on the board are integrally formed. 

[0050] The method includes a step of integrally sealing the semiconductor element and the board with resin. 
[0051] According to another aspect of the invention, there is provided a radio IC card having at least one rectangular- 
spiral antenna and one semiconductor element mounted thereon, wherein a cavity portion .s provided near me antenna 
and a permanent magnet is movably provided within the cavity portion. 

50 [0052] The permanent magnet is movable in a direction of a central axis of tne antenna 
[0053] The permanent magnet is rotatably provided within the cavity portion. 

[00541 The antenna serves both for power supply to the semiconductor element and lor data communication 
0055] According to another aspect of the invention, there is provided a method of manuiactunng a radio IC card, 
the method comprising the steps of: mounting at least one semiconductor element and one rectangular-spiral antenna 
55 on a first casing body in which a recess portion is formed in advance; inserting a permanent magnet movably in the 
recess portion, and attaching a second casing body to the firsl casing body provided with the at least one semiconductor 
element and one antenna and the permanent magnet 

[0056] According to another aspect of the invention, there is provided a data reader/wnter apparatus comprising; a 
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radio IC card on which at least one rectangular -spiral antenna anc h semiconductor element are mounted ana le^.d 
write means lor performing data communication with the semiconductor elemeni mounted on the radio IC caic the 
read/write means having a permanent magnet for inducing an electromotive lorce in the antenna mounted on r.e acne 
IC card by crossing a magnetic field over the antenna 
$ [0057] According to another aspect ol the invention, there is providec a radio IC card having at least one o«ta com- 
munication antenna and one semiconductor element mounted thereon the radio IC card comprising a piezoelectric 
element connected to the semiconductor element 

[0058] The piezoelectric element is used as a board, and the at least one antenna and one semiconouctoi element 
are mounted on the piezoelectric element. 
'0 [0059] Electrodes are provided on both sides ol the piezoelectric element, and these electrodes are electrically con- 
nected to at least the semiconductor element. 

[0060] According to another aspect of the invention, there is provided a method of manufacturing a radio IC card, * 
the method comprising the steps of: attaching at least one data communication antenna and one semiconductor ele- 
ment to a first casing body; attaching a piezoelectric element to the first casing body; and adhering a second casing 

*5 body to the first casing body. 

[0061] According to another aspect of the invention, there is provided a method of manufacturing a radio IC card, 
the method comprising the steps of: attaching at least one data communication antenna and one semiconductor ele- 
ment on a board formed of a piezoelectric element: and applying an outer coating to the board on which the antenna 
and the semiconductor element are attached. * 

20 [0062] According to another aspect ol the invention, there is provided a data read/write apparatus comprising: a 
radio IC card having at least one data communication antenna and one semiconductor element mounted thereon and 
including a piezoelectric element connected to the semiconductor element; and read/write means for performing data 
communication with the semiconductor element by means of the antenna, the read/write means including a pressing 
mechanism for pressing the piezoelectric element of the radio IC card, thereby producing an electric charge in the 

2S piezoelectric element. 

[0063] According to another aspect of the invention, there is provided a radio IC card comprising: a semiconductor 
element having a rectangular-spiral antenna formed on a surface thereof; a board having at least three rectangular- 
spiral antennas formed thereon such that one of the at least three antennas is situated, opposed to the antenna of the 
semiconductor element; a cavity portion provided near one of the other antennas on the board; and a permanent 

30 magnet provided movably in the cavity portion. 

[0064] In this radio IC card, on the board there are provided: an antenna situated to be opposed to the antenna on 
the semiconductor element; a communication antenna electrically connected to the antenna; and a power supply an- 
tenna electrically connected to the communication antenna, a magnetic flux of the permanent magnet being crossed 
over the power supply antenna. 

35 [0065] The antennas are sealed with an insulating material in which magnetic particles are dispersed. 

[0066] According to another aspect of the invention, there is provided a method of manufacturing a radio IC card, 
the method comprising the steps of: mounting at least one semiconductor element and at least three rectangular-spiral 
antennas on a first casing body in which a recess portion is formed in advance; inserting a permanent magnet movably 
in the recess portion; and attaching a second casing body to the first casing body 

*o [0067] In this method, the method includes the steps of: storing the permanent magnet movably in a case: and 
mounting the case in the recess portion. 

[0068] The first and second casing bodies are formed of an insulating material in which magnetic panicles are dis- 
persed. 

[0069] According to another aspect ol the invention, there is proviaed a radio tag, wherein a rectangular -spiral an- 
4 $ tenna is formed on a surface of a semiconductor element. 

[0070] In this radio tag, the antenna on the semiconductor element is formed by bonding a piece ol bonding wire 
among a plurality of electrode pads formed on the surface of the semiconductor element. 
[0071] The antenna on the semiconductor element is formed of a metallic film. 

[0072] A layer of the antenna formed of the metallic film and a layer of an insulating film are laminated on the surface 
50 of the semiconductor element. 

[0073] The antenna is provided on each of upper and lower surlaces of the semiconductor element. 

[0074] The semiconductor element is provided with a layer for formation of an electric element. 

[0075] The antenna is provided over the semiconductor element, with an insulating film interposed. 

[0076] The antenna is formed over the semiconductor element, with a magnetic film interposed. 
55 [007T] The antenna is formed on the semiconductor element, with an insulating film containing dispersed magneiic 

particles interposed. 

[0078] The semiconductor element having the antenna formed on the surface thereof is sealed with resin 

[0079] According to another aspect of the invention, there is provided a method of manufacturing a radio lag. the 
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method comprising ine steps ol lormsnpan insulating dim over a surface oi a semiconductor water on wmcn h pu.r.i : > 
t>f semiconductor elements are lormed; forming rectangular-spiral antennas on the insulating titm at positions cor!' 
sponding to the semiconductor elements: and dicing the semiconductor elements out ot the semiconductor water 
[0080] In this method, the antenna formed on the surface of each of the semiconductor elements is lormed by a thm- 
5 film patterning process. 

[0081] The antenna formed on the surface of each of the semiconductor elements is lormed by a printing process 
[0082] The antenna on each of the semiconductor elements is formed by bonding a piece ot bonding wire among a 
plurality of electrode pads formed on the suriace of the semiconductor element. 

[0083] Each of the semiconductor elements, on the surface of which the antenna is formed, is sealed with resin. 

io [0084] According to the above radio IC card and the method of manufacturing the same, as well as the data read/ 
write apparatus and the radio tag and the method of manufacturing the same, the semiconductor element and antenna 
coil are connected electrically, and not physically. Without using expensive mounting apparatuses, these can be man- 
ufactured cost-effectively. Furthermore, energy saving can be achieved irrespective of the life of the cell. 
[0085] This summary of the invention does not necessarily describe all necessary features so that the invention may 

is also be a sub-combination of these described features. 

[0086] The invention can be more fully understood from the following detailed description when taken in conjunction 
with the accompanying drawings, in which: 

FIG. 1 is a perspective view of a conventional radio IC card; 
20 FIG. 2 is a cross-sectional view of the conventional radio IC card: 

FIG. 3 is an electric circuit diagram of the conventional IC card; 

FIG. 4 schematically shows the structure of another conventional IC card; 

FIG. 5 schematically shows the structure of another conventional IC card; 

FIG. 6 is a cross-sectional view of the radio IC card shown in FIG. 5; 
2S FIG. 7A shows a step of manufacturing a radio tag according to a first embodiment of the present invention; 

FIG. 7B shows a step of manufacturing the radio tag according to the first embodiment; 

FIG. 7C shows a step of manufacturing the radio tag according to the first embodiment; 

FIG. 7D shows a step of manufacturing the radio tag according to the first embodiment; 

FIG. 8A illustrates a process of manufacturing another example of the radio tag according to the first embodiment; 
30 FIG. 8B is a cross-sectional view of the radio tag in FIG 8A; 

FIG. 8C is a partial cross-sectional view of the radio tag in FIG. 8B; 

FIG. 8D is a cross-sectional view of the manufactured radio tag according to this process. 

FIG. 9A shows a process of manufacturing the radio tag using a wire bonding method; 

FIG. 9B is a side view of this radio tag; 
35 FIG. 10 shows a modification of the radio tag according to the first embodiment; 

FIG. 11 shows a modification of the radio tag according to the first embodiment. 

FIG. 12 shows a modification of the radio tag according to the first embodiment; 

FIG. 13A shows a step ol manufacturing a radio IC card according to a second embodiment of the invention. 

FIG. 13B shows a step of manufacturing the radio IC card according to the second embodiment; 
40 FIG. 1 3C shows a step of manufacturing the radio IC card according to the second embodiment; 

FIG. 13D shows a step of manufacturing the radio IC card according to the second embodiment; 

FIG. 13E shows a step ot manufacturing the radio IC card according to the second embodiment; 

FIG. 14 is a cross-sectional view of the manufactured IC card; 

FIG. 15 is an electric circuit diagram of the radio IC card; 
4 $ FIG. 16 is a view for describing electromagnetic induction coupling between first and second antenna coils; 

FIG. 17A shows a structure of a radio IC card according to a third embodiment of the invention; 

FIG. 17B is a cross-sectional view of the radio IC card; 

FIG. 18 is an exploded perspective view of the radio IC card; 

FIG. 19 is a flow chart of manufacture of the radio IC card; 
50 FIG. 20A is a diagram illustrating the generation of induction electromotive force due to a permanent magnet; 

FIG. 20B is a diagram illustrating the generation of induction electromotive force due to the permanent magnet. 

FIG. 21 A shows a structure of a radio IC card on which a permanent magnet is rotatably mounted; 

FIG. 21 B is a partial cross-sectional view of the radio IC card shown in FIG 21 A. 

FIG. 22A shows a structured a radio IC card in a data readAvrite apparatus according to a fourth embodiment ol 
55 the invention; 

FIG. 22B is a cross-sectional view of the radio IC card; 

FIG. 23 schematically shows a structure of a reader/writer in the data read/write apparatus. 
FIG. 24 is an exploded perspective view of the radio IC card; 
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FIG 25 is a view lor expla.nWfsupply ol power Irom the readerAvriter to the raa.o IC card. 
FIG 26 is a view for explaining the supply ol power from the reader/writer to the radio IC card; 
FIG 27 shows a structure ol a radio IC card according to a fifth embodiment ol the invention; 
FIG' 28 shows a structure ol a modification of the radio IC card as applied to an automatic wicket. 
5 FIG. 29A shows a structure of a radio IC card according to a sixth embodiment ol the invention; 

FIG 29B is a cross-sectional view of the radio IC card; 

FIG. 30 is a view for explaining a piezoelectric effect ol a piezoelectric element; 

FIG. 31 is an electric circuit diagram of the radio IC card; 

FIG. 32 is an exploded perspective diagram of the radio IC card; 
w FIG 33 is a flow chart of manufacture of the radio IC card; 

FIG. 34A shows a structure ol a radio IC card according to a seventh embodiment of the invention 

FIG. 34B is a cross-sectional view of the radio IC card; 

FIG. 35 is an exploded perspective view of the radio IC card; 

FIG. 36 is a flow chart of manufacture of the radio IC card; 
15 FIG. 37A shows an example of dimensions of the manufactured IC card; 

FIG 37B shows an example of dimensions of the radio IC card; 

FIG*. 38 shows a structure of a data reader/writer apparatus accord.ng to an eighth embodiment of the invention, 

FIG 39 is a view for describing power supply to the radio IC card in the apparatus; 

FIG. 40A shows a structure of a radio IC card according to a ninth embodiment of the invention; 
20 FIG. 40B is a cross-sectional view of the radio IC card; 

FIG. 41 A shows a manufacturing step of the radio IC card; 

FIG. 41 B shows a manufacturing step of the radio IC card; 

FIG. 41 C shows a manufacturing step of the radio IC card; 

FIG. 41 D shows a manufacturing step of the radio IC card; 
25 FIG. 42 is a cross-sectional view of an IC chip portion in the radio IC card; 

FIG. 43 is an exploded perspective view of the radio IC card; and 

FIG. 44 is a flow chart of manufacture of the radio IC card. 



(First Embodiment) 

[0087] A first embodiment of the present invention will now be described with reference to the accompany.ng draw- 
ings. 

[0088] FIGS. 7A to 7D illustrate steps of manufacturing a radio tag. 

[00891 FIG 7A shows a semiconductor wafer 20 on which a plurality of ICs are formed. 

00901 An insulating protection film 21 is formed on the surface of the semiconductor wafer 20, as shown in FIG 7B. 
The insulating protection film 21 is formed of, e.g. P-SiN (PSG: Phosphosilicate Glass). The thickness of the insulating 
protection film 21 is in a range from 0.75 jam to 0.4 urn. The insulating protection film 21 may be formed of. for example, 
a metal oxide such as silicon dioxide, a resin such as polyimide, or air gap. 

r0091l As is shown in FIG 7C. a number of wound antennas (hereinafter referred to as 'antenna coils ) 22 are formed 

on the insulating protection film 21 . The antenna coils 22 are formed of. e.g. gold-plated wire. Alternatively, the antenna 

coils 22 may be formed of thin-film patterns of Cu. Al. etc.. or by printing conductive paste of Cu, etc. 

[00921 Thereafter, the semiconductor wafer 20 is diced into IC chips 23. as shown in FIG. 7D. 

[0093] Thus, radio tags provided with antenna coils are manufactured. The size of each radio tag is. for example, 4 

mm (length) x 3 mm (width) x 0.3 mm (height). 

[00941 The above-described radio tag has a data control function and a memory function which are achieved by the 
IC chip 23. Data transmission with the outside or power supply from the outside can be eflected through the antenna 

fSsS]" According to the first embodiment, as described above, the insulating protection film 21 ,s lormed I on the 
surface of the semiconductor wafer 20, and the antenna coil 22 is formed on the insulating protection him 21 The 
semiconductor wafer 20 is then diced and the radio tags are formed. Thus, the IC chips 23 are e.ectncal.y connected 
to the antenna coils 22 without physical connection. There is no need to use expensive apparatuses, such as fhp<h,p 
bonders or wire bonders, in order to mount the IC chips. 

[0096] There is no need to conduct a process management, for example, for considering hcat-resistance in resm- 
molding. and the reliability is enhanced. T . . Arfl 

[0097] The antenna coil 22 is formed on the IC chip 23. and the resultant structure is merely mounted. Therefore, 

the small-sized, inexpensive radio tag can be obtained. t„ fire 

[0098] A description will now be given of another example of the manufacture of the rado tag accord.ng to the first 

embodiment 
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[0099J c tGS SA to SO sehemai^SPy :' -strata manufacturing slops oi ino ihcIjo lag mG cA sr. as ^ i *. ^nc- 
- -a cfOSS-seciioiHl view FIG FB is a errs* -sectional view ol tne 'adio c >~ FC is an nnl«ionr: vm-.\ * .-r -r 
FIG SB and FiG 3D is a cross-seciionai view ol the manufactured inoic :c.q 

[0100J An IC chip 23 applied to this example has a square shape with eacn sioe oi eg abcu: iC -::»*■ ir:CKnoss 
5 of about 20 urn at a minimum 

[0101] An insulating protection film 21 is formed on the surlace of the IC chip 23 The insulating protection film 21 is 
formed of, e.g. silicon dioxide or a polyimide resin. The thickness of the insulating protection film 2i is about 10 to 100 
jjm. The insulating protection film 21 may be formed of a magnetic film such as ferrite, instead ol silicon dioxide or a 
polyimide resin. 

io [0102] Magnetic particles may be dispersed in the insulating protection film 21. With the formation of the magnetic 
film, an inductance component of ihe antenna coil 22 which is to be formed subsequently can be increased. The 
insulating protection film 21 may be an air gap formed by etching silicon dioxide. 

[0103] A conductive via-hole 24, which is a through-hole, is formed in the insulating protection film 21 . as shown in 
FIG. 8B 

is [0104] A rectangular spiral antenna coil (pattern coil) 22 is formed on the insulating protection film 21. The antenna 
coil 22 is formed of a conductive film of Al, Cu, Au, etc. The antenna coil 22 is thinly formed, with a pattern width and 
a pattern interval being in a range of several um to several-ten urn. The antenna coil 22 may be tormed by means of 
printing of a conductive paste of, e.g. Ag, Cu, etc. 

[0105] Subsequently, the IC chip 23 is molded with a mold resin 25, as shown in FIG. 8D. For example, if the mold 
20 resin 25 is an epoxy resin, etc., transfer molding is adopted. II the mold resin 25 is PP (polypropylene). PPS (polyphe- 
nylsulfone). etc., injection molding is adopted. Thus, a radio tag with an outside shape of about 10 nun x 10 mm and 
a thickness of about 1 mm. 

[0106] FIGS. 9A and 9B are schematic views showing another example of the radio tag which is manufactured by 
using wire bonding. FIG. 9A is a plan view and a FIG. 9B is a side view. 
25 [0107] As is shown in FIG. 9A, electrodes 26 are formed at four corner portions on the surface of the IC chip 23. 
Each electrode 26 has a square shape with each side about 30 um to 100 um long. 

[01 08] The electrodes 26 are interconnected by a bonding wire element 27. The bonding of electrodes 26 is performed 
from the outer peripheral side toward the central side. As a result, a rectangular-helical antenna coil is formed. The 
bonding wire element 27 has a diameter of, e.g. about 10 urn to 100 um and is formed of Au. Al or Cu. 

30 [0109] The radio tag is thus manufactured. 

[01 10] In the process of manufacturing this radio tag, the formation of an insulating protection film is not needed, as 
shown in FIG. 9B. and the pattern resistance can be reduced sine the bulk-type coil material is used. 
[0111] A modification of the manufacture of the radio tag according to the first embodiment will now be described. 
[0112] FIG. 10 shows a multi-layer structure in which antenna coils 22 and insulating protection films 21 are formed 

35 in two tiers on the surface of the IC chip 23. By virtue of this structure, the number of turns of the antenna coils 22 is 
increased 

[01 13] FIG. 11 shows a structure in which through-holes 28 are formed in the IC chip 23. Antenna coils 22 are formed 
on upper and lower surfaces of the IC chip 23. The antenna coils 22 are electrically connected through the through- 
holes 28. 

40 [0114] FIG. 12 shows a radio tag with multi-functions, wherein various electric elements such as a capacitor 29. in 
addition to antenna coils 22. are provided on the IC chip 23. In the capacitor 29. an mduchon-iype ihick-him material 
of, e.g. titanium dioxide, lead perovskite, etc. is used. 

[0115] Needless to say, with the above examples of the radio tag, too, the IC chip 23 and antenna coil 22 are con- 
nected electrically, and not physically. Without using expensive mounting apparatuses, the radio tags can be manu- 
45 factured cost-effectively. 

(2) A radio IC card (non -contact data carrier) according to a second embodiment of the invention will now be described 
with reference to FIGS. 13Atol3E. 

[0116] A radio lag, like the first embodiment, is first manufactured. 

[0117] An insulating protection film 21 is formed, as shown in FIG. 7B. on the surlace of the semiconductor wafer 
so 20 shown in FIG. 7A. The insulating protection film 21 is formed of. e.g. P-SiN (PSG: Phosphosilicate Glass). The 
thickness of the insulating protection film 21 is in a range from 0.75 pm to 0.4 pm. The insulating protection film 21 
may be formed of, for example, a metal oxide such as silicon dioxide, a resin such as polyimide, or air gap. 
[0118] As is shown in FIG. 7C. the antenna coil 22 (hereinafter referred to as "first antenna coil 22") is formed on the 
insulating protection film 21 by gold plating. The first antenna coils 22 may be formed of ihin-tilm patterns of Cu. AL 
55 etc., or by printing conductive paste of Cu, etc. 

[0119] Thereafter, the semiconductor wafer 20 is diced into IC chips 23", as shown in FIG 70 

[0120] On the other hand, a second antenna coil 31 and a third antenna coil 32 are formed as shown m FIG 133 
on a surface of a module board 30 shown in FIG 1 3 A 
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[01 21 J The second antenna eoi^i has substantially the same shape as the lust antenna coil 37 lomoo on :-o aciio 
- tag 

[01 22] Since the third antenna coil 32 is used lor communication with the outside oi the radio IC card or loi power 
supply Irom the outside, it has a greater number ol turns and a greater shape than the second antenna coil 3i 
5 [0123] The second and third antenna coils 31 and 32 are electrically connected to constitute a closed loop circuit. 
[0124] The second and third antenna coils 31 and 32 are simultaneously formed on the surface of the module board 
30. for example, by a subtractive method, as in the formation of a regular printed circuit board. 

[0125] The second and third antenna coils 31 and 32 may be formed by an additive method. The second and third 
antenna coils 31 and 32 may be formed by fixing coils of coated wire on the module board 30. Alternatively, the antenna 

10 coils may be formed of a combination of printed wire and wire coils. 

[0126] Specifically, the second and third antenna coils 31 and 32 are both formed by etching Ag, Al, etc 
[0127] Alternatively, the second and third antenna coils 31 and 32 may both be formed by a printing method using 
Ag paste, or formed of coils of Cu. Furthermore, the second antenna coil 31 may be formed by printing or etching- 
while the third antenna coil 32 may be formed of coils. 

*5 [0128] In a subsequent step shown in FIG. 1 3C, an insulating film 33 is formed on the second antenna coil 3l The 
insulating film 33 is formed of a semi-hardened epoxy resin with a thickness ol. e g 20 jam. For example, the insulating 
film 33 is formed by attaching an insulating adhesive film of a semi-hardened epoxy resin The insulating liim 33 may 
be formed of some other insulative resin such as polyimide or a metal oxide. 

[0129] In the next step illustrated in FIG. 130, the IC chip 23 (see FIG. 7D) is opposed to, and disposed on. the 
20 second antenna coil 31 on the module board 30. 

[0130] In this case, the IC chip 23 is mounted in a face-down fashion. The mounting is performed under a suitable 
pressure such that the second antenna coil 31 is opposed to the first antenna coil 22 of the IC chi 23 with the insulating 
film 33 interposed. 

[01 31] In addition, the mounting is performed such that the gap between the first antenna coil 22 and second antenna 
2S coil 31 is mechanically controlled and the gap is set at about 20 urn or less. 

[01 32] In the mounting step, in order to completely harden the insulating adhesive film of, e.g. semi-hardened epoxy 
resin, which forms the insulating film 33, it is heated at about 200°C to 120°C for 10 to 120 seconds and fixed on the 
module board 30. 

[0133] For example, the material of the insulating adhesive film may be applied in a viscous liquid phase In this 
30 case, where the maintenance of the insulating film 33 is difficult under pressure, the height of the film may be controlled 
For example, the insulating film 33 may be maintained by using a spacer of a polyester film with a thickness ol e.g. 
10 jam, which serves also as the insulating film 33. 

[0134] Subsequently, as shown in FIG. 1 3E, the entire module board 30 with the IC chip 23 is sealed with resin and 
coated with the polyester film 33. At last, the radio IC card 34 is obtained after printing and punching 
35 [0135] FIG. 14 is a cross-sectional view of the manufactured radio IC card 34. The method of forming me radio IC 
card is, for example, injection molding (e.g. insertion molding) using, e.g. a polyester resin, or pressing molding using, 
e.g. a vinyl chloride sheet. 

[0136] FIG. 15 is an electric circuit diagram of the radio IC card 34. 

[0137] Since the first antenna coil 22 of the IC chip 23 is disposed to be opposed to the second antenna coil 31 of 
*o the module board 30, electromagnetic induction coupling is effected between the first antenna coil 22 and second 
antenna coil 31 . 

[01 38] Accordingly, if the third antenna coil 32 receives electric waves from the outside, an electromotive force occurs 
in the third antenna coil 32. The electromotive force is supplied to the second antenna coil 31 connected to the third 
antenna coil 32. 

4 $ [0139] At the time current begins to flow in the second antenna coil 31, an electric field is generated at the second 
antenna coil 31. 

[0140] This electric field acts on the first antenna coil 22 located near and opposed to the secono antenna coil 31. 
and an electromotive force is induced in the first antenna coil 22. 

[0141] This electromotive force is supplied to the IC circuit 35. In this manner, external electric waves are convened 
so to power to be supplied to the IC circuit 35, through the third, second and first antenna coils 32. 3i and 22 

[0142] On the other hand, if current is output from the IC circuit 35. the current is supplied to the first amennPi coil 
22. At the time the current begins to flow through the first antenna coil 22. an electric held is generated at the iirsi 
antenna coil 22. 

[0143] This electric field acts on the second antenna coil 31 located near and opposed to the Iirsi antenna coil 22 
55 and an electromotive force is induced in the second antenna coil 31 

[0144] The induced electromotive force is supplied to the third antenna coil 32 This causes electric waves to be 
radiated from the third antenna coil 32 

[01 45] The electromagnetic induction coupling between the first antenna coil 32 and second antenna coil 3 1 will now 
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be described with reference to FIG W rtl ™<; rwrallel loan x? -plane te those corresponding 

31 ^ d , oo oi a mannetic held produced by a current ta (lowing 



law as follows: 
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la(27ira){ra/ >/uT 2 + d 2 )} 
HY= 4n(ra 2 + d2) 

ra 2 • la . . . ( 1 ) 



" 2{ra 2 +d2)3/2 
= ala 



ra 2 (2) 



^(ra^d 2 ) 3 * 

25 [01 48] It is understood from above that the magnetic field Hy is proportional to the current ,a An electromotive iorcc 
Vb produced by electromagnetic induction in the first antenna coil 22 .. expressed by 

Vb= - (dOb/dt) (3) 

r„r;r-«^t ™- « «... — - » - « — « « •* 

is expressed by 

(4) 

35 0>b = u, Hy (u/. magnetic permeability) v 

[0150] Accordingly, using equations (1), (3) and (4). the electromotive force Vb is given by 



vb = - (d<t>b/dt) 
= -p. (dHy/dt) 

= -a u (dia/dt) • • • (5) 

flowing through the second antenna coil 31 . Hi^nce d between the first and second 

,h. ,.cond and Mri a«.nna cote 31 and 32 a, Item* on jW»d» „J„„ „, 3, Thus. 

without physical connection, can be obtained. f ,s„ hin honder or a wire bonder is not required to 

[0154] Accordingly, such an expensive mounting apparatus as a flip-chip bonder or 

mount the IC chip 23 
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(0155] in addition n ire c.-.s^T she r osm-moldmcj h piocoss marHgemoni iri o^-^'n * «<-v t.vsiwmn - 
sistance is needed ana ine reliability lowers 

[0156] Moreover, the degree oi lieedorn lor the manulactunng process is high andtnerw M^cimmq cost *s JC^.'f.: 
[0157] in the manuiactuunc oi the radio tag according to ihe second embodiment me antenna ecus 22 n:^ to mcc 
5 of gotd-plated wiring elements, thin-film patterns, or by printing conductive paste 

[0158] As shown in FIGS. 9A and 9B, however, the first antenna coil 22 may be formed by means of wire bonding 
[0159] Alternatively, the first antenna coif 22 may be formed with a multi-layer structure, as shown in FIG 10 
[0160] Alternatively, antenna coils 22 may be formed on the upper and lower surfaces of the IC chip 23. as shown 
in FIG. 11. 

w [0161] Alternatively, the IC chip 23 may be provided with various electric elements such as capacitor 29 so as to 
have mufti-functions, as shown in FIG. 12. 

(3) A third embodiment according to the present invention will now be described. 

[0162] FIGS. 17A and 17B show the structure of the radio IC card according to the third embodiment. FIG. 17A is a 

plan view and FIG. 17B is a cross-sectional view. 
i5 [0163] A carrier body 40 is provided with an IC chip 23, a communication antenna 41 and a power supply coil 42 

The communication antenna 41 and power supply coil 42 are formed in rectangular spiral shapes. 

[0164] The communication antenna 41 and power supply coil 42 are connected to the IC chip 23. 

[0165] The carrier body 40 is tormed of, e.g. polystyrene (PS), polyethylene terephthalaie (PET) or vinyl chloride 

The size of the carrier body is, e g. 36 mm x 54 mm x 3 mm. 
20 [01 66] The communication antenna 4 1 and power supply coil 42 are formed, for example, by winding line conductor s 

twice or more, or by winding electric lines twice or more by means of deposition, etc Foi examole coated coppe» -wne 

coils, copper-wire coils or aluminum-wire coils are used for the communication antenna 4 1 and power supply coil 42 

[01 67] A space (hereinafter referred to as "cavity") 43 is defined inside the power supply coil 42. 'A permanent magnet 

44 is movabty provided within the cavity 43. 
25 [0168], The permanent magnet 44 has a plate shape. One surface side of the permanent magnet 44 is magnetized 

with an N-pole, and the other surface side is magnetized with an S-pole. As is shown in FIG. 17B, the permanent 

magnet 44 is disposed to be movable in the direction of the central axis (S1 ) of the power supply coil 42. The permanent 

magnet 44. is formed of : e.g. an Alnico molded magnet, a Ba ferrite magnet, a rare-earth cobalt magnet, carbon steel, 

tungsten steel, KS steel, or Cunife. The size of the permanent magnet 44 is, e.g. 20 mm x 40 mm x 1 mm. 
30 [0169] A method of manufacturing the above radio IC card will now be described with reference to an exploded 

perspective view of FIG. 13 and a flow chart of FIG. 19. In the flow chart of FIG. 19. triangular symbol V denotes the 

provision of structural elements, and circular symbol O denotes manufacturing steps. 

[0170] As is shown in FIG. 18. the carrier body 40 is a combination of a first casing body (lower card casing body) 
40a and a second casing body (upper card casing body) 40b. 
35 [0171] The lower card casing body 40a is provided with recess portions 45 to 47 for receiving the IC chip 23. com- 
munication antenna 41 and power supply coil 42. 

[0172] The upper card casing body 40b is provided with a cavity 43 for insertion of the permaneni magnei 44 
[0173] To start with, as shown in FIG. 19, an IC chip 23 and a board 48 for the IC chip 23 are provided 
[0174] In step #1 . the IC chip 23 is mounted on the board 48. 
<*o [0175] In step #2, the IC chip 23 mounted on the board 43 is set in the recess portion 45 in ihe lower card casing 
body 40a. In this step, the IC chip 23 is adhered to the recess portion 45. 

[0176] The communication antenna 41 and power supply coil 42 are supplied to the manulacturing line. 

[0177] Leads 41a and 42a for connection with the terminals of the board 48 extend from the communication antenna 

41 and power supply coil 42. 

45 [0178] In step #3, the communication antenna 41 and power supply coil 42 are set in the recess portions 46 and 47 
in the lower card casing body 40a. 

[0179] The leads 41a and 42a of the communication antenna 41 and power supply coil 42 are connected to the 
terminals of the board 48 by means of soldering. 

[0180] The permanent magnet 44 is supplied to the manufacturing line. In step 84, the permanent magnet 44 is 
50 inserted in the cavity 43 in the upper card casing body 40b. 

[0181] Subsequently, the lower card casing body 40a on which the IC chip 23, communication antenna 41 and power 
supply coil 42 are mounted is supplied to the manufacturing line, and the upper card casing body 40b in which the 
permanent magnet 44 is inserted are supplied to the manufacturing line. 

[0182] In step #5, the lower card casing body 40a and upper card casing body 40b are combined and adhered to 
55 each other, whereby the carrier body 40 is formed 

£0183] In step #6, printing is effected on the surface of the carrier body 40 
[0184] At last, the manufactured radio IC card is examined 

[0185] The operation of Ihe thus manufactured radio IC card will now be describee 
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ne^^Jy a person, etc.. lhe entire body thereof moves There 



[0186] II the radio IC card is came^cy a person, etc.. lhe entire body thereof moves Thereby the permanent magnet 
- 44 in the cavity 43 is moved 

[0187] The magnetic flux of the permanent magnet 44 crosses the power supply coil 42. and as a result an electro- 
motive force is induced in the power supply coil 42. The induced electromagnetic force is supplied to the IC chip 23 
5 [0188] This operation will now be described more specifically with reference to FIGS. 20A and 20B which are enlarged 
partial views of the power supply coil 42. 

[0189] If the radio IC card has moved, the permanent magnet 44 moves in the direction of the central axis si ol the 
power supply coil 42 within the cavity 43. 

[0190] Consider a case where the permanent magnet 44 is located at an end portion of the cavity 43, as shown m 
10 FIG. 20A, and a case where the permanent magnet 44 is located at a central portion of the cavity 43. as shown in FIG 
20B. Suppose that an upper surface of the permanent magnet 44 has an S-pole. and a lower surlace thereof has an 
N-pole. 

[0191] When the permanent magnet 44 is located at an end portion of the cavity 43. as shown in FIG 20A. the flux 
density B within the power supply coil 42 takes a minimum value. When the permanent magnet 44 is located at a 
is central portion of the cavity 43, as shown in FIG. 20B, the flux density takes a maximum value. 

[0192] Accordingly, it the entire radio IC card is slightly moved, for example, by the hand of the user, the flux density 
B within the power supply coil 42 varies. The variation in the flux density B induces an electromotive force in the power 
supply coil 42. The electromotive force is supplied as power to the IG chip 23. 

[0193] The permanent magnet 44 is movably provided within the cavity 43, but it may be provided, for example, in 
20 a rolalable manner. 

[0194] FIGS. 21 A and 21 B show structures of the radio IC card. FIG. 21 A is a partial plan view, and FIG. 21 B is a 
partial cross-sectional view. 

[0195] Both end portions of a plate-like permanent magnet 49 are rotatably supported by support members 50 and 
51 within the cavity 43. The support member 51 is coupled to a dial 53. The dial 53 functions to rotate the permanent 
2S magnet 49 in the direction of arrow s2 from the outside, as shown in FIG. 21 B. 

[01 96] In general, an induction electromotive force v occurs in a primary coil in such a direction as to cancel a temporal 
variation in magnetic flux within the coil. The electromotive force v is expressed by 



v = - d<!>/dt (6) 

where <J> is the flux, and t is time. 

[0197] If the magnetic flux is B. the in-coil area is S, permeability is u and magnetic field intensity is H. 
<P = B • S 

=M'H-S -.-(7) 
[0198] The induction electromotive force v is expressed by 

v = u. - S • dH/dt (8) 



[0199] An example of calculation of induction electromotive lorce v is shown below. Since the cavity 43 is located 
*s within the power supply coil 42, the permeability of air is approximated on the basis of that of vacuum as follows: 

u = 1.25 X 10 6 [H/m] f9) 

50 [0200] The permanent magnet 44 is rotatable within the radio IC card. The permanent magnet 44 has a plate snape 
and a size of 2 mm x 20 mm. and is formed of, e.g. SmCo 5 . 
. [0201] The coercive force of the permanent magnet 44 is expressed by 



55 



H - 2.87 X 10 4 [Oe] 
= 2.28 x 10 6 [A/m] 



. (10) 
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[0202] H the permanent magnet 44 is rotated at i0 rps and the number o! turns of the power supply co.t 4? is set at 
500, the electiomotive force v is given by 

v = 500 V ' S ■ 2H/10" 1 

= 1.14 r v ] ...(ID 

[0203] In this example, an electromotive force of about 1 [V] is obtained 

[0204] According to the third embodiment, the cavity 43 is formed within the power supply coil 42 mounted on the 
w radio IC card, and the permanent magnet 44 is movably provided within the cavity 43. Thus, electric energy due to 
induction electromotive force v can be supplied to the radio IC card by the permanent magnet 44 and, e g. the manual 
operation, without using electric energy due to a cell or an electromagnetic coil. 

[0205] Accordingly, exchange of a cell is not required, and power consumption in the standby state of the reader/ 
writer can be reduced to achieve energy saving. Thus, the radio IC card with simple structure can be manufactured. 
is For example, compared to the cell-built-in type radio IC card, the energy saving ratio of power supply is 100% and no 
waste cell is produced. 

(4) A fourth embodiment of the present invention will now be described. The structural pans common to those shown 
in FIGS. 17A and 17B are denoted by like reference numerals, and a detailed description thereof is omitted. 
[0206] The fourth embodiment relates to a data read/write apparatus using a radio IC card. FIGS. 22A and 22B show 
20 a structure of the radio IC card, and FIG. 23 schematically shows a structure of a radio IC card reader/writer 50. 

[0207] In the radio IC card, the IC chip 23, communication antenna 41 and power supply coil 42 are mounted on the 
carrier body 40. The IC chip 23 is connected to the communication antenna 41 and power supply coil 42. 
[0208] A method of manufacturing the radio IC card will now be described with reference to an exploded perspective 
view of FIG. 24. 

25 [0209] The carrier body 40 is formed by combining a lower card casing body 40a and an upper card casing body 40b 
[0210] Like the radio IC card shown in FIG. 18. the lower card casing body 40a. the lower card casing body 40a is 
provided with recess portions 45 to 47 for receiving the IC chip 23, communication antenna 4 1 and power supply coil 42. 
[0211] To start with, the IC chip 23 and board 48 are prepared. The IC chip 23 is mounted on the board 48 The IC 
chip 23 is set in the recess portion 45 in the lower card casing body 40a. 

30 [0212] Then, the communication antenna 41 and power supply coil 42 are prepared. These antennas 41 and 42 
have leads 41 a and 42a for connection with terminals of the board 48. 

[021 3] The communication antenna 41 and power supply coil 42 are set in the recess portions 46 and 47 in the lower 
card casing body 40a. 

[0214] The leads 41 a and 42a are connected to the terminals of the board 48 by means of, e.g. soldering. 

35 [0215] The lower card casing body 40a, on which the IC chip 23. communication antenna 41 and power supply coil 
42 have been mounted, is combined with the upper card casing body 40b. The lower card casing body 40a and the 
upper card casing body 40b are adhered to each other to constitute the carrier body 40 
[0216] Following the above, printing is effected on the surface of the carrier body 40. 
[0217] At last, the manufactured radio IC card is inspected. 

40 [0218] On the other hand, the reader/writer 50 reads/writes data from/in the radio IC card which is situated as shown 
in FIG. 23. 

[0219] The reader/writer 50 includes a read/write antenna 51 which corresponds in position to the communication 
antenna 41 of the radio IC card. The reader/writer 50 also includes a permanent magnet 52 whicn corresponds m 
position to the power supply coil 42 of the radio IC card. 
45 [0220] The power supply operation of the data read/write apparatus with the above construction, by which power is 
supplied to the radio IC card, will now be described. 

[0221] If the carrier body 40 is moved toward the reader/writer 50, the power supply coil 42 in the radio IC card 
approaches the permanent magnet 52 in the reader/writer 50, as shown in FIGS. 25 and 26. With the power supply 
coil 42 approaching the permanent magnet 52. the flux density B within the power supply coil 42 varies and an elec- 

50 tromotive force is induced in the power supply coil 42. The induced electromotive force is supplied to the IC chip 23. 
[0222] According to the fourth embodiment, the reader/writer 50 is provided with the permanent magnet 52. By ap- 
proaching the carrier body 40 to the reader/writer 50, the electromotive force is induced in the power supply coil 42 
and it is supplied to the IC chip 23 of the radio IC card. Like the first embodiment, electric energy can be supplied to 
the radio IC card when data read/write is eflected by the reader/writer 50, without using electric energy due to a cell 

55 or an electromagnetic induction coil. Therefore, no exchange of a cell is required, and power consumption in the standby 
state of the reader/writer 50 can be reduced to achieve energy saving. Thus, the radio IC card with simple structure 
can be manufactured. 

(5) A fifth embodiment of the present invention will now be described The structural parts common to Ihose shown m 
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[0228] To begin with, the IC chip 23 and board 48 are prepared. 
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mounted on the board 84 In the next step #11. the board 84 as a COB (chip-onboard) 85 is set in the recess portion 
83 in the lower card casing body 80a 

[0253] The communication antenna 41 is supplied to the manufacturing line The commumcanon antenna 4i has 
leads 4ia lor connection with the terminals ol the COB 85. In step #12. the communication antenna 41 is set in the 
5 recess portion in the lower card casing body 80a. 

[0254] The leads 41a ol the communication antenna 41 are connected to the terminals ol the COB 85 by means ol. 
e.g. soldering. 

[0255] Subsequently, the piezoelectric element 81 and the terminals 82a and 82b to be provided at both ends of the 
piezoelectric element 61 are supplied. The electrodes 62a and 82b have leads 86 and 87 (or connection with the 
w terminals of the COB 85. The electrodes 82a and 82b are provided at both ends of the piezoelectric element 8 1 

[0256] In step #13, the piezoelectric element 81 with the electrodes is set in the recess portion in the lower card 
casing body 80a. The leads 86 and 87 of the electrodes 82a and 82b are connected to the iermmals ol the COB 85 
by means of, e.g. soldering. 

[0257] In step #1 4, the lower card casing body 80a on which the COB 85, communication antenna 4 1 and piezoelectric 
is element 81 with electrodes are mounted, is combined with, and adhered to, the upper card casing body 80b. Thus, 
the carrier body 80 is constituted. 

[0258] In step #15, printing is effected on the surface of the carrier body SO, and at last the manufactured radio IC 
card is inspected. 

[0259] The size of the manufactured radio IC card is 86 mm x 54 mm, each side of the IC chip is 3 mm, each size 
20 of the communication antenna 41 is 45 mm, and the size of the piezoelectric element 81 is 30 mm x 45 mm x 2 mm. 
[0260] The operation of the radio IC card will now be described. 

[0261] If pressure is applied to the piezoelectric element 81 of the radio IC card, it is polarized to have positive and 
negative charges (+,-), as shown in FIG. 30. An electromotive force is produced at the electrodes 82a and 82b of the 
piezoelectric element 81, and it is supplied to the IC chip 23. 
25 [0262] Accordingly, if pressure is applied to the piezoelectric element 81 of the radio IC card by a pressurizing mech- 
anism or the hand of the user, the electromotive force produced by the piezoelectric element 81 is supplied to the IC 
chip 23. 

[0263] As has been described above, according to the sixth embodiment, the electromotive force produced by the 

piezoelectric element 81 is supplied to the IC chip 23. Thus, like the third embodiment, no exchange of a cell is required 
30 energy saving is realized, and the radio IC card with simple structure is obtained. For example, compared to the celi- 

built-in type non-contact data carrier, the energy saving ratio of power supply is 100% and no waste cell is produced. 

Therefore, the life of the apparatus can be increased while the apparatus can be operated with clean energy. 

(7) A seventh embodiment of the present invention will now be described with reference to the accompanying drawings 

[0264] FIG. 34A shows the structure of a radio IC card and FIG. 34B is a cross-sectional view of the radio IC card. 
35 [0265] AnlCchip23andcommunicatioruantenna41 are mounted on the carrier body 90. The communication antenna 

41 is electrically connected to the IC chip 23. 

[0266] The carrier body 90 is formed of, e.g. polystyrene (PS), polyethylene terephthalate (PET) or vinyl chloride. 
[0267] The communication antenna 41 is formed of, e.g. coated copper-wire coils, copper-wire coils or aluminum- 
wire coils. 

40 [0268] The carrier body 90 incorporates a plate-like piezoelectric element (hereinafter referred to as "piezoelectric 
element board") 91. The piezoelectric element board 91 serves as a board of the radio IC card body 
[0269] The piezoelectric element board 91 has such a piezoelectrical effect that when pressure is applied to the 
piezoelectric element board 91 , it is polarized to have positive and negative charges (+,-). Like the sixth embodiment, 
the piezoelectric element board 91 is formed of, e.g. Rochelle salt, barium titanate, potassium dihydrogenphospnate 

45 ammonium hydrogenphosphate, lithium sulfate, lithium niobate, zinc oxide, polyvinyl difluonde. antimony lodide-suifide. 
or zinc zirconate-titanate. 

[0270] The IC chip 23 and communication antenna 41 are mounted on the piezoelectric element board 9i 
[0271] The electrodes 92a and 92b are provided on both surfaces of the piezoelectric element board 9i The elec- 
trodes 92a and 92b are electrically connected to the IC chip 23. It is preferable to form the electrodes 92a and 92b as 
50 large as possible on both surfaces of the piezoelectric element board 91. 

[0272] A method of manufacturing the radio IC card will now be described with reference to an exploded perspective 
view of FIG. 35 and a flow chart of FIG. 36. 

[0273] As is shown in FIG. 35, the carrier body 90 is formed by providing the piezoelectric element board 91 with a 
lower outside sheet 90a and an upper outside sheet 90b. 
55 [0274] The communication antenna 4 1 and electrodes 92a and 92b are formed on the piezoelectric element board 91 
[0275] To begin with, as shown in FIG. 35, the IC chip 23 and piezoelectric element board 91 are supplied to the 
manufacturing line In step #20. the IC chip 23 is mounted on the piezoelectric element board 91. 
[0276] In step #21. the lower outside sheet 70a and upper outside sheet 70b are attached, by means of pressing or 
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.am.nating. to both surfaces o. .ho pSed.c demon, board 9, on wh.ch .ho .C ch,p 23 ,s moun.ea Trus ,no . ... • • 
'body 90 is iormed 

[0277] in step #22 pnnuno .s eitected on the sunace oi the carre* oody 



[0279] 

radio IC card is 86 mm x 54 mm X 3 mm 



15 



20 



25 



30 



50 



55 



radio IC caro is od nun a jt ...... - - 

[02801 The operate e. ft. ftano.ac.ftefl radio IC e„d w,» ~w be oeeenOea 

SSodim*. o, me present invention w, now be described with re.erence to me accompany.ng d W 
moft«:i fia ifl shows the structure of a data read/write apparatus. 

E ™'£TESS. apparatus comprises, tar examp,e. the radio IC card .00 accord.ng ,o the .seventh em- 
[0286] The data reao.wn e pp reading/writing data from/in the rad,o IC card 100. 

^^ZlTZZT^"™ e„ee,e,. a. Z .aoio ,c oa,0 acco.oft, ft ft. ...enft — - 

; B 7«.*.*1 ..... -* •» «~ «= — «*> * ~ »■ -» to " ine ' oao,i ™"" i ' ,0 ' 

* S^S-^TeSr^ .060. a P pftra„„ o, ,<*,,. a,. p,ov,o.d «,on 9 ft. cafta, pasaa 9 e .05 „ 

board 91 ol radio IC card 100, as shown in FIG. 39. DOlanZ ed to have posit.ve and negat.ve 

S S ^^i C «2SS- between the radio IC card 100 and reade.Mriter ,01 by means o, their comm. 
by the Pa.re^o'.ers 106a ^^^J^. , ouflh el^en,. e.ec.ric energy can be supplied to the rad.o d 

^ - J^^^-«i» *y «- 101 ' wi,houl usin9 elec,ric ener9y due lo a " °' 

electromagnetic induction coil. ^ eiim niinn in thP standbv slate of the readcr/wntcr 

[0299] Therefore, no exchange o« a ce.l is required, and power ^T^^^V^J,^ be manulac ,u, e d 

[0300] FIGS. 40A and 40B show the structure of a rad.o IC card. FIG. 40A .s a plan 

sectional view A , 3nd o newer supply coil 42 are mounted on a earner body 1 1 3 

[0301] An IC chip 23. a commun.cai«on antenna 4 1 and a power suppy c 
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The commun.cai.on an.enna 4'iWnowo. supply co.l 42 are lormed .n a lec.anouia. s P «ai shape .esDec.ve.y 
[0 302] The communica.ion an.enna 4, ,s electrically connected lo an an.enna col 3» s.tua.edopposeo.oan antenna 
coil 22 ol the IC chip 23 

103031 The power supply coil 42 is electrically connected to the communication antenna 41. 
S The power supply coil 110 is termed ot, e.g. po^styrene (PS), polyethylene terephtha.ate (PET) or v.ny. chlo- 

103051 The communication antenna 41 and power supply coil 42 are lormed. for example, by winding line conductors 
wice or more, or by winding electric lines twice or more by means o. deposition, etc. For example, coated copper-wire 
coils copper-wire coils or aluminum-wire coils are used lor the communication an.enna 41 and power supply, sal 42. 
[0306] A cavity 43 is defined inside the power supply coil 42. A permanent magnet 44 is movab.y provided wi.hm 
the cavity 43. 

103071 The permanent magnet 44 has a plate shape 

One surface side of the permanent magnet 44 is magnetized with an N-pole. and the other surface side is magna .zed 
with an S-pole As is shown in FIG. 40B, the permanent magnet 44 is disposed to be movable m the d.rect.on ol the 
central axis (S1) ol the power supply coil 42. The permanent magnet 44 is lormed of. e.g. an Aln.co molded magnet, 
a Ba lerrite maqnet a rare-earth cobalt magnet, carbon steel, tungsten steel. KS sieei. or Cun.te. 
[0308] A method ol manutacturing the radio IC card will now be described with relerence to FIGS. 4tA to 4tD Hlus- 
trating the respective manulacturing steps. 
103091 The IC chip 23 is lormed. as in the lirst embodiment. 
eo [0310] In brief, the insulating protection film 21 shown in FIG. 7B is (ormedon the surface ol the semiconductor waler 

^llT^As isshown in FIG. 7C, the antenna coil 22 ol, e.g. gold-plated wire, is formed on the insulating protection 

film 21. ._.„ 
[03121 Thereatter, the semiconductor waler 20 is diced into IC chips 23. as shown in FIG. 7D. 
[0313] On the other hand, as shown in FIG. 41 B, the communication antenna coil 41 and antenna coil 31 are formed 

on a surface of a module board 1 1 1 , „„ , 1K „ 

[0314] The shape of the antenna coil 31 is substantially the same as that ol the antenna coil 22 formed on the IC 

m3 P 15l 3 Since the communication antenna coil 41 is used for communication with the outside, the number of turns ol 
the coil 41 is made greater than that of the antenna coil 31 and the coil 41 is made larger than the co.l 31. The com- 
munication antenna coil 41 and antenna coil 31 are electrically connected to each other. 

[0316] The communication antenna coil 41 and antenna coil 31 are simultaneously lormed on the surface ol the 
module board 111, lor example, by a subtractive method, as in the formation of a regular printed c.rcu.t boaro These 
antenna coils 41 and 31 may be formed by an additive method 

[0317] These antenna coils 41 and 31 may be formed by fixing coils ol coated w.re on the module boarc m Aite.- 
natively the antenna coils may be formed of a combination of printed wire and wire coils. 

103181 Specifically, the communication antenna coil 41 and antenna coil 31 are both lormed by etching Ag A , etc. 
Alternatively, the antenna coils 41 and 31 may both be lormed by a printing method using Ag paste, or formed ol coils 
of Cu Furthermore, the antenna coil 31 may be formed by printing or etching. 

103191 In a subsequent step, an insulating film 21 is lormed on the antenna coil 31, as shown in FIG. 41C. The 
Insulating film 21 is formed of a semi-hardened epoxy resin with a thickness of, e.g. 20 urn. For example, the insulating 
film 21 is formed by attaching an insulating adhesive film ol a semi-hardened epoxy resin. The insulating film 21 may 
be lormed ol some other insulative resin such as polyimide or a metal oxide. 
[0320] Thereatter. the IC chip 23 is opposed to. and disposed on. the antenna coil 31. 

0321 in this case, the IC chip 23 is mounted in a lace-down fashion. The mounting is performed under a suitable 
pressure such that the an.enna coil 31 is opposed to the antenna coil 22 of the IC chi 23 with the insulating turn 21 

ISrTn addilion. the mounting is performed such thai .he gap between .he anlenna coil 22 and an.enna coil 31 is 
mechanically controlled and the gap is set a. about 20 um or less. In the mounting step, in order fo cornp ej ^a.den 
so , he insulating adhesive film of. e.g. semi-hardened epoxy resin, which forms the insulating film 21 . it is heated a. abou. 
200°C to 120°C lor 10 to 120 seconds and lixed on Ihe module board in. 

[03231 For example, the material of the insulating adhesive film may be applied m a v.scous liquid phase In m.s 
case where the maintenance o. the insulating film 21 is difficult under pressure, the hc.gh. o. the h.m may be controlled 
For example, the insula.ing film 21 may be maintained by using a spacer o. a polyester film with a .h.ckness ol o g 
55 10 urn which serves also as the insulating film 21. 

r03241 An insulating film 1 1 2 is then formed on the module board 1 1 1 

0325 The power supply coil 42 is formed on the insulating film 1 1 2 The power supply CO.. 42 ,s lormed. for examp.e. 
by a subtractive method, as in the formation of a regular printed circuit board. 
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Z^T^Z^n « con,„n,n 9 a panned, -nanna, « » P-dad The P="™^ " » 

- EipH=^ 
ss? <* «-™*»-«9 « ic =.* - ~» » *•«*- - n " ,a,e " c « ,o an exp,o< " !c ' , " ,ie ' c "" 

„ SSS « ^"^.1 F S,«. 4 , had, 1,0 * a — *— o, a M eas,n g boa, - «*. 

SSTSTZr^SE^^?^ -» a 120 '°' elec "' cal connec "°" oe, ™ een - 

Udy 110.. in 1W. e— • Ih. IC ahip 23 i« adhered » 10. Th . eon ,„ u „, cl) „ 0 n a , 

Pir^S ."SS iSSSS. am.nna 4, and M ..... 42a o, M powe, - « « » 

SSTSSSiS^SIS -ti. ..PPH.d. m ...p »3. i. p— -*» « * « —* 

ponian 43 an »ie uppa. card casing ^ "° b . , , oa „ which me ic ch.p 23. eomrnunicahon amenna . i and 

52 - C8S '" 9 6 ° dy 1,06 ,n ™ n " h ~ P8,maoen ' 

SSf Tn inVSrio .aa,n 9 had, „0a and .pp., ca.d caaing hod, nod a,. cpn»,n.d and adna.ad 

5S? ti^W^-ESE - - -~ M ' "°- a " d a ' ,as ' ,ne ma " u ' ae,u,M ,a0, ° ,c 

magnet 44 in the cavity 43 moves. sunnlv coil 42 thus inducing an electro- 

„r ...... — — — r^«-^^M-^c««--» 

ss rLT,rr=r™^^ =— — -* » - - 

enhanced. .. c „ of .. ri , hp P | e ciromotive lorce induced in Ihe power supply 

[0353] Furthermore, since the magnetic part.c.es are d npersed. to*™"*™* 
coil 42 can be increased and also .he power lo be supphed ,o .he IC ch,p 23 increased 
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ig^HTc eil is not required and power consumption in rne 



[0354] Accordingly exchanged; cell is not required and power consumption in me standby state ol the ieacc-f 
writer can be reduced to achieve energy saving Thus, the radio IC card w.ih simple structure can be man.iuri..itti 
For example, compared to the cell-bu.U-tn type radio IC card, the energy saving ratio ot power supply is tOO"* ana no 
waste cell is produced 



Claims 

1. A radio IC card for data communication with outside, characterized by comprising: 

10 

a board (30) having at least two rectangular-spiral antennas (31 . 32) formed thereon; and 
a semiconductor element (23) having a rectangular-spiral antenna (22) formed on a surface thereof, the sem- 
iconductor element being mounted on the board such that the antenna (22) on the semiconductor element is 
situated opposed to one (31 ) of said at least two antennas on the board (30) 

75 

2. A radio IC card according to claim 1, characterized in that said antenna (23) on the semiconductor element is 
formed by bonding a piece of bonding wire (27) among a plurality ot electrode pads (26) formed on the surtace of 
the semiconductor element. 

20 3. A radio IC card according to claim 1 , characterized in that the antenna (22) on the semiconductor element is formed 
of a metallic film. 

4. A radio IC card according to claim 1 , characterized in that a layer of the antenna (22) formed of a metallic film and 
a layer of an insulating film (21) are laminated on the surface of the semiconductor element. 

25 

5. A radio IC card according to claim 1, characterized in that said antenna (22) is provided on each of upper and 
lower surfaces of the semiconductor element (23). 

6. A radio IC card according to claim 1 , characterized in that said semiconductor element (23) is provided with a layer 
30 for formation of an electric element (29). 

7. A radio IC card according to claim 1 , characterized in that one (31 ) of the antennas formed on the board (30) has 
substantially the same shape as the antenna (22) formed on the semiconductor element, and the other (32) of the 
antennas on the board is greater in size than said one (31 ) of the antennas on the board. 

35 

8. A radio IC card according to claim 1 , characterized in that one (31 ) of the antennas on the board and the other 
(32) of the antennas on the board are electrically connected. 

9. A radio IC card according to claim 1 , characterized in that one (3i ) of the antennas on the board and the antenna 
to (22) on the semiconductor device are electromagnetically connected 

10. A radio IC card according to claim 1, characterized in that said antenna (22) is formed over the semiconductor 
element (23) : with an insulating film (21) interposed. 

is 11. a radio IC card according to claim 1, characterized in that said antenna (22) is formed over the semiconductor 
element (23) : with a magnetic film interposed. 

12. A radio IC card according to claim 1 , characterized in that an insulating film (21) is formed on each of the antennas 
(31 , 32) on the board. 

so 

13. A radio IC card according to claim 1, characterized in that an insulating film (21). in which magnetic particles are 
dispersed, is formed on each of the antennas (31 , 32) on the board. 

14. A radio IC card according to claim 1, characterized in that said semiconductor element (23) and said substrate 
55 (30) are integrally sealed with resin (25). 

15. A method of manufacturing a radio IC card for data communication with outside, the method characterized by 
comprising the steps of 
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Hi„ in ca.d accd.dinq n claim 1 5. cMraoenMd « »»■ anianna l22 > °" 

, „Hio IC c„d acca.d.nc, to claim 15, chacaclaiaefl in lhal <he aalanaa (22) on me 
"• S£ « * ,'p**. pcacaa,. 

A d, n„in 9 , «. « SSSSil":^^^ " ^ " " 

(31 32) on the board are integrally formed. 

movably provided within the cavity portion. 

» 2 , A , 8 d,d ,C c.,d ,cca,din 9 2, — — » - » P— _ » — • « ' -~" 

of a central axis of the antenna (42). 
2 ,Ac^ 1 Cca,d.ccd,d,n 9 „c 1 a, m 2,*a,=c,..,cad,n,n»,,na P .nn,nan,ma 9 nc, lWS ,o,a,a My p,o„,d.dw„n„ 

30 the cavity portion (43) 

24 a radio ,C card accord,n 9 to Cairn * . characterized in.hat the antenna serves ho, ,o, powe, suppfy , ,hc 
semiconductor element (23) and for data communication. 

, , ■ n - radKO IC card lor data communication with outside, the method characterized by 
35 25. A method of manufactunng a radio IC cara tor a d 
comprising the steps of . 

hodv (40a) in which a recess portion is formed in advance, 

- >zzzs£^«*>z^ - saM - 19881 ~ e semi " 

tlaman. and one anienna and aaid pa.man.n, magM. 

26 . a da,a , appa.a.a, ,o, « — • - « - « — "° " 

45 comprising: 

a B d,a ,c a, ieaa, „ ,.c,an 9 n B ,sp,a, an.anna P2, and , «*— - — 

55 ductor element. 
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, f a ,m 27 characterized .n that electrodes (92a, 92b) are prov.ded on both sides 

element (23) 

00. A me «* C a 'C C a,d ,o, «. c~a„on „,,„ — *. »« — — - » 

comprising the steps ol: 

attaching a, .east one data communication antenna (4 1 ) and one semiconductor e.emen, ,23, to a i„s, cas,ng 

SShS piezoelectric element (81 ) to the firs, casing body (80a). and 
aSa second casing body (80b) to the Mrs. casing body (80a). 

31. A method o. manufacturing a radio IC card, the method characterized by comprising the steps of: 

attaching at leas, one data communication antenna (41) and one semiconductor element (23) on a board (91 ) 

32 A data read/write apparatus characterized by comprising: 

element (81) of the radio IC card, thereby producing an e.ectnc charge in the p.czoclcctnc Cement. 

33. A radio IC card for data communication with outside, characterized by comprising: 
a semiconductor element (23) having a rectangular ^ ^ ™£^^J%£cn. (3, ) 

a cavt portion (43) provided near one (42) of the other antennas on the board; and 
a permanent magnet (44) provided movably in the cavity portion. 

34. A radio IC card according toclaim 33. characterized in that on said board (111) there are provided: 
an antenna (31 ) situated to be opposed to the antenna (22) on the semiconductor eiemen, (23); 
a communication antenna (41) electrically connected » ^ a ^^ nlenna (41) a magne .i C flux of .he 
a power supply antenna (42) electrically connected to the communication antenna (4!). a g 
permanent magnet (44) being crossed over the power supply antenna. 

35. An IC card according .o Cairn 33. characterized in that sa,d antennas are sealed with an insulating matena, , » 3) 
in which magnetic particles are dispersed. 

36. A method of manulacturing a radio IC card, .he method characterized by comprising the steps or. 
mounting at least one semiconductor element (23) and at leas, three rectangutor-spira, antennas (31 , 4 , . 42) 
on a firsfcasing body (100a) in which a recess portion is lormed ,n advance, 
inserting a permanent magnet (44) movably in the recess portion. and 
attaching a second casing body (11 0b> to the first cas.ng body (110a). 

37. A method o, manufacturing a red. ,C card according to Cairn 36. characterized in that the method includes the 



steps of: 



55 storing the permanent magnet (44) movably in a case; and 

mounting the case in the recess portion. 



38. A method ^manufacturing a radio ,C card according to Cairn 36. characterized in .ha, .he Hrs. and second cas.ng 
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bodies (1 10a 1 10b) ate iormec oi an insulating materia- m which magnetic p.-.Hie f es aio disco'sco 

39. A radio tag lor data communication with inside, characterized in thai a rectangular -spiral antenna [22 ' is iormec 
on a surface ol a semiconductor element (23) 

5 

40. A radio tag according to claim 39, characterized in that said antenna (22) on the semiconductor element is formed 
by bonding a piece of bonding wire (27) among a plurality of electrode pads (26) formed on the surface of the 
semiconductor element. 

io 41. A radio tag according to claim 39, characterized in that the antenna (22) on the semiconductor element is formed 
of a metallic film. 

42. A radio tag according to claim 39, characterized in that a layer of the antenna (22) formed of a metallic film (21 ) 
and a layer of an insulating film (21 ) are laminated on the surface of the semiconductor element (23). 

15 

43. A radio tag according to claim 39, characterized in that said antenna (22) is provided on each of upper and lower 
surfaces of the semiconductor element (23). 

44. A radio tag according to claim 39. characterized in that said semiconductor element (23) is provided with a layer 
20 for formation of an electric element (24). 

45. A radio tag according to claim 39, characterized in that the antenna (22) is provided over the semiconductor element 
(23), with an insulating film (21) interposed. 

25 46. A radio tag according to claim 39, characterized in that said antenna (22) is formed over the semiconductor element 
(23), with a magnetic film interposed. 

47. A radio tag according to claim 39, characterized in that the antenna (22) is formed on the semiconductor element 
(23), with an insulating film (21) containing dispersed magnetic particles interposed. 

30 

48. A radio tag according to claim 39, characterized in that the semiconductor element (23) having the antenna (22) 
formed on the surface thereof is sealed with resin (25). 

49. A method of manufacturing a radio tag for data communication with outside, the method characterized by com- 
35 prising the steps of: 

forming an insulating film (21) over a surface of a semiconductor wafer (20) on which a plurality of semicon- 
ductor elements (23) are formed; 

forming rectangular-spiral antennas (22) on the insulating film at positions corresponding to the semiconductor 
4 0 elements; and 

dicing the semiconductor elements (23) out of the semiconductor wafer (20). 

50. A method of manufacturing a radio tag according to claim 49. characterized in that the antenna (22) formed on 
the surface of each of the semiconductor elements is formed by a thin-film patterning process. 

45 

51. A method of manufacturing a radio tag according to claim 49, characterized in that the antenna (22) formed on 
the surface of each of the semiconductor elements is formed by a printing process. 

52. A method of manufacturing a radio tag according to claim 49, characterized in that said antenna (22) on each of 
50 the semiconductor elements is formed by bonding a piece of bonding wire among a plurality of electrode pads (26) 

formed on the surface of the semiconductor element. 

53. A method of manufacturing a radio tag according to claim 49, characterized in that each of the semiconductor 
elements (23) on the surface of which the antenna is formed is sealed with resin (25). 

55 
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